The electronic health record (EHR) is a key component in the delivery of healthcare in most hospitals in the USA today. Current EHR systems have evolved from simple databases for basic administrative and patient information to complex systems that are also capable of storing clinical documentation, laboratory results, and radiologic images, as well as transmitting patient care orders throughout a hospital's various departments and systems. Within the EHR, clinical decision support (CDS) tools have the potential to help improve patient care by standardizing practice, reducing errors, and aiding diagnostic and therapeutic decision-making. In the pediatric hospital setting, CDS tools can deliver pediatricspecific information and guidance on disease management through alerts, computerized provider order entry and order sets, and clinical practice guidelines. These various CDS functions are of great importance to the practice of safe, high-quality patient care and learning to maximize their potential is of great benefit to clinicians. At the same time, these tools must be implemented in a manner consistent with established CDS best practices to prevent potential unintended consequences that introduce new sources of error and potential harm.
Introduction
The US healthcare system is in an era of increased focus on the quality and value of the care delivered to patients. The electronic health record (EHR) has long been viewed as a means of transforming healthcare by improving care quality and patient safety [1] . The federal government's passage of the American Recovery and Reinvestment Act in 2009 included specific funding through the Health Information Technology for Economic and Clinical Health (HITECH) Act to help spur the adoption of health information technology [2, 3] . Over the last 5 years, the percentage of hospitals with basic EHRs has steadily increased from 9.4 % in 2008 to 59.4 % in 2013 [4] . However, the goal of the HITECH Act is not to simply install an EHR system in every clinic and hospital but to do so in a way that positively impacts the quality of care patients receive. As such, a portion of the HITECH Act's funding was designated for the Meaningful Use program, which offers financial incentives not only for installing EHR systems but also for utilizing them in a way that leads to improved patient outcomes [5] . To realize the goal of the Meaningful Use program, the EHR must be more than just a database that stores basic administrative and clinical data but also a system capable of assisting clinicians in the delivery of better, safer care.
An important means by which EHR systems can achieve this goal of higher quality care is through the use of clinical decision support (CDS) tools. CDS in the EHR presents clinicians with "knowledge and personspecific information, intelligently filtered or presented at appropriate times, to enhance health and health care [6] ."
These tools can combine biomedical knowledge with patient data in the EHR, present the clinician with patient and disease-specific information, and potentially provide recommendations for diagnostic or therapeutic decision-making. CDS ideally follows the "five rights," presenting the right information, to the right person, in the right format, via the right channel, at the right time in the care process [7] .
CDS tools are not new to medicine and have existed in many different forms, such as disease-specific documentation and paper-based order templates, published clinical treatment guidelines, and drug reference guides. CDS tools integrated within the EHR can take this further, presenting such information to clinicians in a context-specific manner so that they do not need to actively seek or recall the information. This can, in turn, save time, reduce errors, and reduce the cognitive burden on providers [8••, Class IV, 9] .
As most commercial EHR systems are designed for the care of adults, special attention must be given to configuring these systems for use in pediatric settings. This is especially important in hospitals that care for both adult and pediatric patients where the same EHR must address the needs of both patient populations. This article will review some of the most commonly encountered CDS tools in pediatric hospitals, highlighting the known benefits and best practices to help avoid potential unintended consequences of their use, and conclude with an integrated real-life example of CDS in action.
Clinical decision support tools Addressing pediatric-specific needs
In order to deliver effective CDS in pediatric care settings, an EHR must be configured to capture pediatric-specific data elements and be able to factor in a patient's age, growth dimensions, and history into decision support recommendations. Some patient data elements unique to the pediatric population include birth history information, gestational age, developmental milestones, and a more complex immunization schedule than seen with adult patients. The determination of normal versus abnormal values for reference ranges can be particularly challenging as they change much more quickly than those in adults. Reference ranges for laboratory results and vital sign data typically vary with age, while normal ranges for blood pressure interpretation requires a combination of gender, age, and height information. Such pediatric-specific considerations are not standard features in all commercial EHRs and can require careful customization with stakeholders from various hospital departments. This lack of standard pediatric-specific features is a commonly noted barrier to pediatric EHR adoption [10, 11] .
An American Academy of Pediatrics (AAP) policy statement outlined several requirements for a pediatric EHR in ambulatory and hospital settings [12] . . In a recent effort to address this issue, the Agency for Healthcare Research and Quality (AHRQ) released the children's EHR format, which provides a set of child-specific requirements that an EHR should meet in order to optimally meet the healthcare needs of children [14•, class IV] . The children's EHR format assists EHR vendors in their efforts to develop systems that meet the needs of children and helps guide potential customers in their selection of an EHR by ensuring it meets these minimum requirements.
Alerts
Alerts are not only one the most frequently encountered CDS tools but also one of the most challenging to implement successfully and without unintended consequences. The goal of any alert is to offer clinicians information and guidance that could be useful in decision-making during patient care. Such alerts might prompt clinicians about routine health maintenance needs such as recommended screening tests or vaccinations or medication-related warnings [15, 16] . Examples of common type of alerts are shown in Table 1 .
Such alerts can help overcome clinician gaps in knowledge, which is a challenge with the rapid growth of the medical literature, changing screening recommendations, and increasing numbers of possible medications. They can help avoid errors of commission by warning the clinician of the potential harm of an action and omission by reminding the clinician of a needed test or treatment [8••] .
In designing alerts, special attention must be paid to ensure the content is relevant for pediatrics. Some alerts more likely to be encountered in pediatric settings include special diet concerns (e.g., ketogenic diet as part of seizure management) and behavioral concerns (e.g., developmental delays and impaired communication requiring specialized care). Some medication-related alerts may need greater granularity than those in adults, with consideration of a patient's age regarding the potential toxicity of medications due to differences in metabolism. Careful consideration of the clinical workflow is also vital to minimize interruption, and that guiding the clinician to the right decision is always better than stopping them after the wrong one. The overall goal of an alert is to provide minimally intrusive, contextually aware information that contains a recommendation for action.
Although alerts have the potential to assist clinicians throughout a patient's course of treatment, their indiscriminate provision can carry the unintended consequence of creating new kinds of errors [17] . An ideal CDS alerting system would only display interruptive alerts for actions that pose a serious risk of harm to the patient and would appear only when absolutely necessary. If the alerting system provides an excessive amount of alerts of low risk that are frequently overridden, clinicians may become conditioned to habitually ignoring any alert they see. Such "alert fatigue" can then lead a clinician to unintentionally override a potentially serious alert that was lost in the noise of too many nuisance alerts [18] [19] [20] [21] . This issue of alert fatigue in the EHR, as well as excessive alarming of medical devices and monitors throughout the hospital, has held the top spot of the ECRI Institute's Top 10 Health Technology Hazards for the last 3 years [13]. Thus, before creating any new alert, one should carefully examine the existing alerts provided in the EHR system, particularly those overridden most frequently. After implementation, an evaluation plan should be enacted to ensure the alert is effective and not burdensome to care providers.
Computerized provider order entry
Computerized provider order entry (CPOE) is defined by the AHRQ as "an application that enables providers to enter medical orders into a computer system that is located within an inpatient or ambulatory setting [22] ." The "P" in CPOE has transitioned from "physician" to "provider" over the years, in recognition of the increasing importance of the functionality to all care providers that can place orders, not just physicians. E-prescribing is oftentimes described as CPOE limited to prescribing only. CPOE takes on many forms in many systems, from a stand-alone application to the core integrating functionality among a suite of software modules. In the Health Information Management Systems Society (HIMSS) Electronic Medical Record Adoption Model, Table 1 . Examples of common CDS alerts
Alert type Example
Health maintenance reminder Clinician receives a reminder that a patient is overdue for an annual influenza vaccination Drug-drug interaction alert As a clinician is ordering digoxin, they receive a warning that the patient is on furosemide and there is a potential toxicity risk through this drug combination Drug-allergy alert As a clinician is ordering amoxicillin, they receive a warning that the patient has a penicillin allergy Event-driven alert A patient's lab result is a critical value and the EHR alerts the physician Cost-effectiveness alert Clinician receives an alert that an order for a blood test they are trying to place is a duplicate test healthcare providing organizations must adopt CPOE to achieve stage 4-7 status (the highest levels in the model). In addition, CPOE must be implemented for eligible providers and hospitals to claim Meaningful Use incentive payments [23] . CPOE can be viewed as both a platform and data source for CDS. Data entered into the CPOE interface can serve as input for software rules engines. A rules engine can use the data to provide the clinical context of the order, generate CDS by processing the input in conjunction with preset knowledgebased rules, and then output the CDS through the CPOE interface screen or other external viewing system. A common example of this of particular importance in pediatrics is drug dosing decision support. When providers enter a medication order in CPOE, most systems will reference a set of drug dosing rules to validate or refute the prescribed dose based on the context, displaying an alert to the clinician if the dose is out of an acceptable predetermined range. Implementation of pediatric-specific rules can be difficult in settings where the same CPOE system is used for adult care [24, 25] . Other common forms of CDS related to CPOE include drug-drug interaction, drug-allergy checking, and immunization ordering support.
Many benefits of using CPOE with CDS tools have been demonstrated in the informatics literature. Given the predominance of dosing errors in pediatrics, it is no surprise that a significant portion of the evidence has demonstrated the reduction of these types of errors, although it should be noted that not all studies have been positive or shown a significant reduction in adverse drug events [26] [27] [28] [29] [30] [31] . Other medication-related benefits include prescribing cheaper, but equally effective drugs [32] . CPOE has been shown to have widespread benefits beyond medication ordering and safety. These benefits include shorter times to dispense ordered medication, shorter lengths of stay for patients, reduction of redundant labs ordered, and increases in pharmacist productivity [33] [34] [35] . However, just as the benefits of CPOE use have varied, unintended consequences of CPOE have been well documented [36] . Information technology and clinical informatics experts should be involved in the design and implementation of CPOE systems to avoid the well-characterized mistakes [17, [37] [38] [39] [40] .
Order sets
Order sets are curated collections of orders presented within a CPOE system, usually organized together with the goal of helping a provider efficiently accomplish specific clinical tasks (such as admit a patient with communityacquired pneumonia). Order sets may be comprised of many types of orders, but generally include medication orders, lab and radiology orders, nursing care orders, or orders for ancillary care. They are intended to reduce the cognitive workload of prescribers [9] . Many organizations with established CPOE systems (such as those of the authors) have hundreds of order sets available for clinical use. Despite the ubiquity of order sets and their perceived convenience, some researchers have found them costly to implement and use in some instances. However, this cost can be mitigated by data-driven design [41] . Order set content can be built de novo, acquired from the EHR vendor or community libraries, or can be purchased from a third party vendor. Regardless of the source, standardization of the order set build is imperative [42] . Order set builds can also have a positive impact on implementation through multidisciplinary involvement by engaging many different care providers, including physicians, nurses, respiratory therapists, and other hospital staff. The strong presence of organizational "special people" (supportive administrative leadership, clinical leadership, and other staff) will also have a positive impact on the success of CPOE implementation [43] .
Order sets are constructed to minimize the time required for clinicians to order routine and guideline-driven tests and medications (e.g., setting default values for doses, duration, and testing intervals). They can also drive the adoption of evidence-based medicine and guideline use, can drive diagnosis recognition, and can create a perceived improvement in quality of care [44] [45] [46] [47] . As with CPOE, order sets may also have unintended consequences (such as defaulting absolute medication dosing for patients that require weight-based dosing) that should be monitored [48] .
Clinical practice guidelines
The translation of clinical practice guidelines into electronic form can make use of several of the CDS tools already reviewed. Clinical practice guidelines are systematically developed statements to assist clinicians in their decision-making about the most appropriate care in specific clinical conditions [49] . They are based on the best available evidence in the medical literature and the consensus recommendations of clinical experts. Although following clinical practice guidelines helps ensure patients receive the appropriate tests and treatments, clinicians sometimes lack awareness and familiarity with guidelines, as well as the time to find them [50] . Clinical practice guideline-based CDS can help overcome these challenges, improving both guideline adherence and processes of care [51, 52] .
Effective development of CDS to support clinical practice guidelines must begin with a clear understanding of the guidelines and what clinical data are needed to support them. The guideline's recommendations must be broken down into rules that a rules engine can then evaluate. The ability to leverage clinical data already entered into the EHR would help with the automatic provision of decision support and avoid the need for the provider to actively input data just to generate decision support recommendations. When the rules detect that a particular guideline is applicable to a patient, an alert can present the clinician with any recommended next steps [51] . The alert could even link directly to an order set containing the recommended interventions [8••] . To promote usage of the guideline, such alerts and opportunities to use the order sets should be available at the appropriate times in the clinician's workflow, which can vary by institution as well as by EHR system. Engaging those clinicians with the most knowledge about local workflow, such as residents and hospitalists, is important in identifying when and where such guideline-related CDS will be most effective.
Currently, there are more clinical practice guidelines for adult diseases and in some cases compliance is monitored by national organizations like The Joint Commission. The AAP and other pediatric subspecialty organizations have released guidelines for treatment of some pediatric diseases and the number continues to grow. Some such guidelines for the management of common pediatric diseases like asthma and acute otitis media have already been integrated into CDS within EHR systems and shown to improve clinician adherence to guidelines [53, 54] .
Example of multiple modes of CDS implemented to improve patient/family-centered patient care
Pediatric patients with acute viral gastroenteritis can have the duration of diarrhea shortened by the administration of probiotics [55] . However, the treatment effect is relatively short (about 1-day decrease in diarrhea) and usually comes at a modest out-of-pocket cost to patients, as probiotics are not covered by most forms of health insurance. This situation creates a tradeoff-a scenario where patient (and family) preference should play a large role in the medical decision-making process.
At one institution, CDS tools have been employed to increase appropriate provider prescription of probiotics [45] . The following is a list of the different modes of CDS used in that project, and Fig. 1 illustrates where they would fit into the course of the hospitalization:
1. Suggestions for the prescriber to use the acute gastroenteritis order set:
within the CPOE interface, a non-interruptive prompt is visible if the patient has a chief complaint, diagnosis, or problem of diarrhea or gastroenteritis in the EHR. 2. Order sets were constructed with the following:
(a) Embedded evidence statements: succinct "one-liners" to inform the prescriber of applicable high-level evidence (e.g., the clinical effects of probiotics, proper fluid management, etc.) (b) Directives to discuss the evidence and cost with families through a shared decision-making process (c) Notifications of the availability of appropriate documentation templates 3. Orders for probiotics, with default dosing and other order parameters selected. 4. Corollary orders for isolation, with default-selection of orders to comply with organizational infection control measures. 5. Corollary orders for setting discharge goals and criteria: "physiologically ready" criteria are set at admission to encourage timely discharge of the patient. 6. Links to a shared decision-making aid: a website link to a shared decisionmaking tool designed for use at the bedside. For this project, over a dozen different CDS tools were combined to improve the care of patients with acute gastroenteritis. These tools were an integral part of the project and helped increase the rate of proper prescription of probiotics to 100% by rapidly adopting evidence-based medicine and incorporating patient/family preference through shared decision-making. From the user perspective, the project was successful because it made the "right thing" to do, easy to do.
Conclusion
CDS tools provide a way to leverage the full potential of the EHR to deliver safe, high-quality patient care. These tools can enhance the abilities of clinicians to make better diagnostic and treatment decisions, as well as reduce many kinds of errors. However, to be as effective as possible, CDS tools should be implemented in a manner consistent with best known practices and with consideration of the potential unintended effects of even the most well-planned interventions.
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